Abstract
conventional field work approaches, the main factors that determine the quality
Introduction

28
Rock mass classification systems are well known tools which are useful for The slope plane (that is, the mean excavation surface) can also be extracted 121 from the 3DPC fitting plane. Alternatively, it can be measured in the field or 122 defined during design state, when the slope has not been excavated. 
Slope Mass Rating (SMR) computation
124
SMR index is calculated by applying four adjustment factors to the RMR b : F 1 ,
125
F 2 , F 3 and F 4 . These factors depend both on the slope excavation method and on 126 the geometrical relationships that exist between the slope and the discontinuities 127 affecting the rock mass [7] . The SMR index is computed, using the following 128 formula:
Where:
130 RMR b is the RMR basic parameter in the RMR geomechanical classification
131
[3]. The maximum value that RMR b can reach is 100, which means a high qual-132 ity rock mass from a rock mechanics perspective. As a reminder, basic RMR is 133 computed using the following formula:
where X 1 to X 5 is assigned a value, which depends on the characteristics of the 135 rock or the discontinuities. The maximum values that these factors (X i ) can reach,
136
jointly with their relative weights and the possible data sources for obtaining these 137 parameters, are shown in Table 1 .
138
F 1 parameter depends on the angular relationship between the dip direction of 139 the considered discontinuity and the slope (see parameter A in Table 2 ).
140
F 2 parameter, depends on the failure mechanism, as follows: (a) For a pla-
141
nar failure mechanism along a single discontinuity, F 2 depends on the dip of the 142 discontinuity (see parameter B in Table 2 ); (b) For a wedge failure mechanism 143 between two given discontinuities, F 2 depends on the plunge of the line of in- between the slope dip and the dip of the discontinuity (see parameter C in Table 2 ); 
150
154
F 4 parameter depends on the method of excavation used for the studied slope
155
(see Table 2 ).
156
Consequently, the adjustment factors F 1 , F 2 and F 3 can be deduced from the the two planes are also required [33] .
161
The calculation of the above described geometrical parameters require a previ-162 ous interpretation of the relative position of the discontinuity planes and the slope 163 for a planar failure mechanism, as well as the line of intersection between two 164 planes in the case of a wedge mechanism. Then, the failure mode which is ac- 
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The second case study aims to calculate SMR by using the 3DPC on a slope roughness, infilling, aperture, spacing and persistence) to compute basic RMR.
214
The slope is located in Alicante (SE Spain) and is composed of marls, argilla- was excavated by mechanical methods.
224
The pictures acquired for the application of the SfM were performed using a
225
Canon EOS 550D digital camera on June 6th, 2014. Then, the 3DPC was gener- factors contribution F 1 xF 2 xF 3 + F 4 , which was calculated using fieldwork data 
Results of case study II
283
In this case study the SMR index has been calculated using fieldwork mea-284 surements, as well as 3D laser scanners and SfM data sets have been analysed by 285 means of DSE software. In both cases, five discontinuity sets were obtained, but 286 one of them was discarded, as it was surface generated as a result of weathering formed an angle lower than 90
• were selected as potential wedges.
292
In this case study, RMRb values were computed, using data acquired from 293 the field. Their values are summarized in Table 4 . All SMR values were cal-294 culated using the SMRTool software. Figure 7a shows the comparison between
295
SMR computed from fieldwork and SMR computed from 3DPC. Additionally, the 296 results were compared with each plane or wedge in a box plot (see Figure 7) . Using the second method, an additional discontinuity set was extracted (J 4 ), when 301 investigating the 3DPC using DSE software. The RMRb was calculated during In this case study, the slope orientation varied around the roundabout adopting different dip directions from 0 to 360
• and having a constant dip. SMR index
306
was calculated for all orientations of the roundabout, assuming that the slope of 307 the roundabout defined a conical frustum, whose angle was equal to the slope dip
308
(that is, 50
• ).
309
First of all, SMR computation for planar failure mechanisms was carried out. Table 5 .
319
Additionally, a wedge failure mechanism was also analysed following the pre- 
Discussion
The SMR geomechanical classification has been applied to three case studies, geometric parameters were automatically performed using the SMRTool software.
341
In the first case study, it was discovered that, considering RMR b as an indepen-342 dent variable, the use of 3D laser scanner data combined with DSE software can with the three slopes (see Table 3 ).
348
The SMR index variations can be illustrated by analysing the discontinuity set 349 J 3 and the slope 1, and are detailed in The second DS (J 2 ) analysis, showed a significant variation in the SMR value.
380
The SfM analysis shows an SMR value of 21, while laser scanning and fieldwork,
381
show SMR values of 38. The most likely cause of the observed difference is that 382 when using the SfM data, the A angle (see Table 2 ) is equal to 2 • and thus
but when using fieldwork and laser scanning dataset, this angle is higher than 384
10
• so F 1 is 30% minority (see Table 4 ). In this case, the dip angle of J 2 is small, conditions are an important factor of this deviation because J 4 orientations were 400 difficult to measure. On the other hand, the surface of exposed planes was small.
401
These factors explain the fact that this DS had insufficient measurements to calcu-402 late the mean orientation with accuracy. Nevertheless, the use of 3DPC datasets,
403
have increased the number of point measurements.
404
The analysis of all wedges (W i j ) also show differences, as they are defined
405
by the intersection of previous pair of planes and then, are affected by the same 406 sources of error.
407
The third case study applies the methodology in a singular rocky slope: a cir- 
